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DIS and Information Retrieval

m Distributed Information Systems (DIS): Heterogeneous
Collections of electronic networked information resources in
Interaction with diverse communities of users

< the Internet, the World Wide Web, corporate intranets, databases,
library information retrieval systems, etc.

m Information Retrieval (IR): methods and processes for
searching relevant information out of information systems
(e.g. databases) that contain extremely large numbers of
documents

< based solely on keywords that index (semantically characterize)
documents and a query language to retrieve documents from
centralized databases in terms of these keywords.
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Flaws of Information Retrieval

No User-DIS Structural or Semantic Coupling

m Passive Environments. No genuine interaction between

user and system
< users pulls information from passive database
< Users need to know how to query relevant information with
appropriate keywords
< No user-specific response or recognition (user profiles)
m |dle Structure. Structural relationships between documents,
keywords, and information retrieval patterns are not utilized.

< e.g. citation structure, WWW link structure, clustering of keyword-
document relationships (LSI), temporal patterns of retrieval, etc.

m Fixed Semantics. Keywords do not reflect evolving user
semantics

m |[solated Information Resources. NO communication
among documents and/or keywords in different information

resources P OOO®




Limitations of User-DIS Interaction |

= No recommendation. Because of passive environments
and idle structure, DIS do not recognize users and pro-
actively recommend appropriate information about related
topics that they may be unaware of.

= No conversation between users and information
resources, between information resources, and between
users. Because of passive environments and isolated
Information resources there is no mechanism to exchange
and crossover relevant information.

= No creativity or evolution. Because of fixed semantics,
Isolated information resources, idle structure, and passive
environments, there is no mechanism to recombine
knowledge In different information resources to produce
new categories of keywords used by different communities

of users. 20000



Drawing from Biology

m Distributed Biological Networks
< Elicit appropriate responses to sepecific demands
< Process relevant information across the network
< Adapt to a changing environment by creating novel behaviors

m Computers possess full programmability but no inherent
evolvability (Conrad)
< Enabling substrate (chemistry) for dynamic agent-environment
coupling
s Computer systems need enabling relationship-packages

< Mechanisms for active structural and semantic coupling
between agents and distributed systems: collective organization
< Adaptability: capacity to change with feedback

< Evolvability: Building blocks that can be re-combined, to
produce new behavior or function that is not fully pre-specified
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Active Recommendation Systems

Distributed Structural and Semantic Coupling

= A means to recognize
users (agents)

= A means to characterize
Information resources

= Conversation
mechanisms between

users and information
resources

= Adaptation mechanisms
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Information Resources:Distributed Memory

The XML Repository
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XMRepository

ExampleofaRecord

<RECORD>
<ARPID>ISSN_1013-9826 1998 137 _55</ARPID>
<CITATION>
<REFID>ISSN_0032-3861_ 1987 28 1489 <~>
ISSN_0022-2461_1994 29 3377 <~>ISSN_0032-3861_1994 35 3948 <~>
ISSN_0032-3861_1995 36 4587 <~> ISSN_0032-3861_1995 36_4605 <~>
ISSN_0032-3861_1995 36_4621 <~> ISSN_0022-2461_ 1989 24 298 <~>
ISSN_0032-3861_1980 21 466 <~>ISSN_0032-3861 1985 26 1855
</REFID>
</CITATION>
<BIBLIO>
<TITLE>Effect of rubber functionality on mechanical and fracture properties of impact-modified
nylon 6,6/polypropylene blends </TITLE>
<ENUM TYPE="ENDPAGE">62</ENUM>
</BIBLIO>
<KEYTERMS>
<KEYW TYPE="TITLE">rubber <~> properti <~> nylon <~> mechan <~> impact-modifi <~>
function <~> fractur <~> blend <~> /polypropylen</KEYW>
<KEYW TYPE="KEYW_AU">PAG6,6/PP blends <~>rubber-toughened nylon <~>rubber-
toughened polypropylene <~> mechanical properties <~> fracture toughness <~> J(c) <~>
fractography</KEYW>
<KEYW TYPE="KEYW_ISI">FILLED COMPOSITE-MATERIALS <~> POLYPROPYLENE BLENDS
<~> BLOCK-COPOLYMERS <~> PREDICTIVE MODEL <~> COMPATIBILIZATION <~> POLYAMIDES <~>
MORPHOLOGY <~> CAVITATION <~> PARTICLES</KEYW>
<KEYW TYPE="AUTHOR">Wong, SC <~> Mai, YW</KEYW>

</KEYTERMS> Qw
</RECORD> ;



Information Resources: Distributed Memory
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Citation Structure
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CitatioAnalysis
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Citation Analysis

Citation Year

Publication Year

1993 1994 1995 1996 1997 1098 1999
1989 25 340 74.803  686.471 614,672 551,808 254,039
1990 21 349 88.453  822.012 737429  665.398 306.917
1991 21 464 99,925  945.297 850,322  766.650 354.268
1992 1 435 113.803 1,095,707 998,036 900,451 416.636
1993 0 198 127619 1.261,244 1.167.558 1,061,451 493.942
1994 0 67 114036 1,337,943 1.319.427 1.222.199 573.001
1995 0 4 40,625 974363 1.376.726 1371412 657.296
1996 0 0 196 185.910  976.039 1.399.689 714.313
1997 0 0 0 371 191,541 1,023,584 726.122
1998 0 0 0 0 541 197,224 444.002
1999 0 0 0 0 0 311  31.812
2000 0 0 0 0 0 0 2
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CitatioAnalysis

Cutoff Year

Cutoftatistics

tatio

Ci

ns

Internals

Leaves

19g3| 18,990,768 2,121,668 3,075218 1,086,848  1,035019 2040,197 4,161,885 4.58
0.26 025 049

1984| 14,878,756 1,890,772 2638281 1,012,668 g78,204 1,668,077 3,648,849 4.19
029 028 044

1995 10,312,083 1.722,887 1,643,338 887,014 835673 1.107.885 2,830,352 2.64
0.31 0.20 0.39

1996| 5891857 1,231,808 1,329,336  B95,2316 536,592 792,744 2,024,852 2.91
.34 D27 0.9

1967 2,61551¢ 708,785 TSTOTT 483,718 243,008 514011 1,220,796 2.14
.38 020 042

1908 673,802 286,028 288,761 206,463 60463 226,208 403,224 1.37
.42 0.12 0.45

1999 32,125 22,528 24,365 18,979 3,547 20,818 43,344 0.74
0.44 0.08 0.48
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Structure In Relational Repository

P \ ProximitiRelations
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Structure Analysis

mClusters of Related Documents
<Helpswithlocaldistributionoftasks

mKleinberg’s Authoritative Sources
<Reducesthenumberofrelevantdocuments

m\Watts’ Small-World Graphs
<Whathappensvitradaptation?
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= Keywords
<

EditoBupplied
Titles

ARHARecords
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Documents
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400rystabtructure
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370%uman

Editor Supplied
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7891/ ctiv
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70344nalysi
66665Mew
65767rat
6567%rotein
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Semantics In Relational Repository
ProximitiRelations
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Keywordbemanti¢’roximity

ValuesHigherthan0.045 0,046

(e
10MostCommonKeywords

3HighestValuesforeachnode



Keywordemanti®roximity
10MostFrequentkeywords

cell ~studi systemexpressprotein model activ. human rat patient

cell | 1.000 0.022 0.019 0.158 0.084 0.017 0.085 0.114 0.068 0.032
studi|] 0.022 1.000 0.029 0.013 0.017 0.028 0.020 0.020 0.020 0.037
systen|] 0.019 0.029 1.000 0.020 0.017 0.046 0.022 0.014 0.021 0.014
expresy 0.158 0.013 0.020 1.000 0.126 0.011 0.071 0.103 0.078 0.020
proteif 0.084 0.017 0.017 0.126 1.000 0.013 0.070 0.061 0.041 0.014
model| 0.017 0.028 0.046 0.011 0.013 1.000 0.016 0.016 0.026 0.005
activ | 0.085 0.020 0.022 0.071 0.070 0.016 1.000 0.058 0.053 0.021
human| 0.114 0.020 0.014 0.103 0.061 0.016 0.058 1.000 0.029 0.021

rat 0.068 0.020 0.021 0.078 0.041 0.026 0.053 0.029 1.000 0.008
patient ]| 0.032 0.037 0.014 0.020 0.014 0.005 0.021 0.021 0.008 1.000

http:/Mww.c3.lanl.gov/~rocha/iww/keywords.html

= MostrequenKeywordProximitieCalculated
= OtherProximitiescalculatedasneeded
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Semantidnalysis

mClusterooSemanticallyRelateddocuments
<Helpswitnocalistributionanaclassification

m|_ atenSemantidndexing

<Reducesthenumberofrelevantdocumentsand
Keywords

m|Metricity
<Howdoesitchangewithadaptation?
mSmall-worldraphs




Knowledg€ontext

InformationResourceforaCommunityofUsers

(" ksp,_. K, Semantlcs\




Users

usersasinfor|onresourceswith

theilownproximityinformation.
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DISanduUsers

Collectivinteraction

» EnablingSubstrateforActive BiologicallyMotivated,
Recommendation

< UserinterestsCannowbeRecognizedandRelatedtoStored ¢ €®€Y
Knowledge



communication
CategorizatioringuistiBecombination

Weneedamechanismtoenablethecommunication
betweerusers/agentsandnformatiorresources)eading
tanformatiorexchange adaptatiorandecombination.

AModelof(Clark’s)“onthehoof’Categories
Evidence Sets

A(X): X6 B[0,1] I

[http://wwv. c3. 1| anl.gov/~rochal/ijhns_pask. htm ;
dissert.htm; ijgs unc.htm; es ijgs.htm; kluwer.htm] 0““




Evidencé&ets
EvidentialhGradedntervaMembership

1

Bd(l?) / Bel(l3) >/
Bd(lt) Bel (IQ(

\

Bel(r) Bel(12)

X X X X

m Set-theoretiqotogicframework
< ComplementlUnionintersectionetc...

= MeasuresfJncertainty
<NonspecificityConflickuzziness
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“Onthehoof”Categories

NoCategoriesarestoredas
such,butratherconstructedin
conversatiometweemagents

andnformatiomesources,
leadingoagentdentification

tkeyword) X Nk
Single Knowledge




Antormatiorkesources

WithEvidenceSets

4_ocaK nowledge&Contextswithsemi-
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Talkl\/llneAg ent-DIfConversation
UsageandAdaptationofKeywordSemantics |
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Semanti@daptation
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Evolvingnowledge
CategoricRepresentation

Natural
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Computation Algorithms g
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Genetic Algorithms
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| alKIVIINE

WithTwolLibraryDataBases

i TALKMINE _ (O] x|
DATABASE] DATABASEZ

CyBer L: Talk Mine Luis Rocha
Database Name: C:\My Programs\Delphi\CyBer L\s3.DB

Title 4

An Introduction to Cybernetics

4

An Introduction to Genetic Algorithms
_Applicatiuns of Interval Computations
Artificial Life
Artificial Life Lab
At Home in the Universe: The Search for the Laws of Self-Organization and Complexity
Brains, Macines, and Mathematics
Bright Air, Brilliant Fire: On the Matter of the Mind =
ol o
Database Name: C:\My Programs\Delphi\CyBer L\s4.DB
Title e
Advances in Artificial Life
Android Epistemology
| |Artificial Life
Artificial Life Lab

Brains, Macines, and Mathematics

[«

w

Complexity: The Emerging Science at the Edge of Order and Chaos

Consciousness Explained

s o

TalkMine ES | TalkMine FS |




| alKIVIIne

Searclscreen

i TALK MINE WITH EVIDENGE BETS [_ (O] ]

CyBer L Luis Rocha

Database Name: C:\My Programs\Delphi\CyBer L\s3.DB
Database Name: C:\My Programs\Delphi\CyBer L\s4.DB

Initial Concept Search Parameters

|ADAPTIVE SYSTEMS i
List of Available C < 0.005 Alpha0 01 0.01 Epsion 0.1
ist of Available Concepts: oo

ADAPTIVE SYSTEMS B

ANDROIDS 0.05 0.05
ARTIFICIAL INTELLIGENCE
ARTIFICIAL LIFE
ASSOCIATIVE STORAGE
BIOLOGY

BODY

BRAIN
CATEGORIZATION
CELLULAR AUTOMATA
CHAOS

COGNITION

COMPLEX SYSTEMS
COMPUTER GRAPHICS
COMPUTER NETWORKS
CONNECTIONISM
CONSCIOUSNESS
CONSTRUCTIVISM
CONTEXT

CONTROL
CYBERNETICS
DECONSTRUCTION

DEVELOPMENT of

Reset X Cancel
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| AlKIVIINE

QuestiomndRetrievalScreen

i TALK MINE WITH EVIDENCE BETS

CyBer L

Database Name: C:\My Programs\Delphi\CyBer L\s3.DB
Database Name: C:\My Programs\Delphi\CyBer L\s4.DB

Liis Rocha

Initial Concept: Interactive Search
|ADAPTIVE SYSTEMS Yes

=] E3

No

: . . |ADAPTIVE SYSTEMS
List of Available Concepts: MACHINE LEARNING
ADAPTIVE SYSTEMS C

OPTIMIZATION ALGOR
ANDROIDS

ARTIFICIAL INTELLIGENCE
ARTIFICIAL LIFE
ASSOCIATIVE STORAGE
BIOLOGY

BODY

BRAIN

CATEGORIZATION
CELLULAR AUTOMATA

Indeces —

~ Whole
CHAOS ~ Mix

COGNITION

COMPLEX SYSTEMS
COMPUTER GRAPHICS
COMPUTER NETWORKS

Retrieval Parameters

MATHEMATICS =
EVOLUTION

NEURAL NETWORKS
INTERVAL COMPUTA’
RELIABLE COMPUTA -

Relevance

INFORMATION

@ Are You Interested in MATHEMATICS?

Yes No

CONNECTIONISM
CONSCIOUSNESS
CONSTRUCTIVISM
CONTEXT
CONTROL
CYBERNETICS
DECONSTRUCTION
DEVELOPMENT |

meia Jid|

| X Cancel|
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TalkMine

Resulscreens
Interactive Search Interactive Search
Yes No Yes No
ADAPTIVE SYSTEMS MATHEMATICS e ADAPTIVE SYSTEMS MATHEMATICS ]
MACHINE LEARNING EVOLUTION MACHINE LEARNING EVOLUTION
OPTIMIZATION ALGOR  |NEURAL NETWORKS OPTIMIZATION ALGOR  |NEURAL NETWORKS
INTERVAL COMPUTA’ INTERVAL COMPUTA"
RELIABLE COMPUTA - RELIABLE COMPUTA -

Retrieval Parameters

Indeces Relevance
~ Subsets o J 1
« Whole
~ Mix 08 | Go [ Stop

Retrieval Parameters

Indeces Relevance
« Subsets o— . F 1
« Whole
c Mix 06 | Go| Stop

Mitchell, Melanie [1995]. An Introduction to Genetic Algorithms. M-
Goldberg, David E. [1989]. Genetic Algorithms in Search, Optimiz

Mitchell, Melanie [1996]. An Introduction to Genetic Algorithms. M-
Arbib, Michael A. [1987]. Brains, Macines, and Mathematics. Sprit
Goldberg, David E. [1989]. Genetic Algorithms in Search, Optimiz

¥ | o

: o
B
B o

Trappl, Robert [1983]. Cybernetics: Theory and Applications. S|:|ri|J

: o




@ApWeb

StructuralAdaptationviaCollectivdnteraction

CalculateUserTraversalProximityT

» Obtainnusempathsof3documents
retrievedsequentiallypythesame
user

m Foreachpathapply 3learningules:

< Frequency:Proximitybetweentwo
sequentiallyetrieveddocumentss
reinforced

< Symmetry:Whenproximitybetween?2
documentaseinforcedthesymmetrical
directiongpartiallyreinforced

< Transitivity:Iftheproximityvaluesbetween
dlandd2andd2andd3increase,the
ﬁrox)imitybetweend1andd3alsoincreases

ess).




Recommendationvitispreadind\ctivation

OrProximityNetworks

» Selectedwordsinthenetworkgetanactivationvaluewhich
followsthelinkstoassociatedwords.Theactivationreaching
awordisthesumoftheweightedactivationscomingthrough
allitsinputlinks.Fromanactivatedword,activationdiffuses
furthertothewordslinkedtoit,andsoon.
< Anderson(1973,1984)(Klimesch,1994)

» Findsnodesrelatedtoallthenodesthatareinitially

activated,accordingtoaparticulamproximitynetwork
organization.

< Essentially,constructsacliqueofrelatednodesusinglinearalgebra.

= Muchmoreefficient(andmorebrain-like)thanthetraditional
keywordmatchpursuedbysearchengines.
< Providedwehavegoodproximitynetworks
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The ISSN EXperiments

@ApWelandspreadingActivation

m|SSNJournalsDatabase(Approx3800)

< BuildNetworkfromdailyuserrecordsusing@ApwWeb
<Journalssearchedbysameuseronsameday

SEread It

Archived
user
interaction

>

New
user
irnteraction

Adap. HT method

RESEARCH

SPREADING
ACTIVATION

3 ANALYSIS

P RECOMMENDATION
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SANewlintertace

T R T -
.'??ESpr'ending activation results - Netscape S el - o] x|
EIlE Edit ¥Yiew Go Communicator HE|p
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|v
|

_J' [E b ' B Alavista ' Excite [B LamL ' SFI ' ol ' & was ' & Daily Briefing ' CIC-3 ' & weather

servlet properly mmtiahzed.. . now recerving parameters... word =
JOURNAL OF THEORETICAL BIOLOGY ARTIFICIAL INTELLIGENCE

a
]

Results for:
JOURNAL OF THEORETICAL BIOLOGY

ARTIFICIAL INTELLIGENCE

Act. Valse URL Title

0.301516300227445 00043702 ARTIFICIAL INTELLIGENCE

0.3002987750224081 00225193 JOURNAL OF THEORETICAL BIOLOGY
0.12442396313364056 00033472 ANIMAI, BEHAVIOUR

0.10810810810810811 00260551 COMPUTER LANGUAGES

0.065040065040650407 03630129 SIAM JOURNAL ON CONTROL AND OPTIMIZATION
0.05289256198347107 00281042 NATURWISSENSCHAFTEN

0.0410958904100589 01677152 STATISTICS & PROBABILITY LETTERS
0.039603960326032604 01401963 JOURNAL OF ARID ENVIRONMENTS
0.037243947858473 0041008 TOXICOLOGY AND APPLIED PHARMACOLOGY
0.03676470588235294 00088749 CELLULAR IMMUNOLOGY

n e . | g

S xl\pplet Graphrunmng s e :




SAResults
ThePrincipiaCyberneticaWeb(cont)

matchingkeyterms'beginife"

variablalefinedStarspreading...

donspreading!...

showingresults...

0.4545454545454546EMANAemantic_Analysis
0.44166666666666668IGNAILks _on_Cognitive_Science_and_Al
0.258333333333333@B.L TAMI@tiple_axiomatization_sets,_a_metaphor_for
0.2571428571428%7QDEXA8Juments_for_and_against_ the Existence of God
0.222222222222222FTHONMthodology for_the Development_of MSTT
0.214285714285714FUTDEVIlimks on_Future Development
0.179701776437070B8EAN1BEaning Goes_First [empty]
0.1666666666666668@UL TICHEulticellular_organisms
0.163636363636363STQUANTT as_the quantum_of evolution [empty]
0.1632034632034631BONBUIlddNnsensus_Building
0.1596195410833041@RILIAMe_Origins_of Life

0.15625B¢xuality _as_a Metasystem_Transition
0.1333333333333333BIOEV@iological _Evolution

0.1304347826086938B TAMStory of the Principia_Cybernetica Project
0.12961750241038030UNDCONGundational _Concep
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0.21428571428571427 F&C Form and Content
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0.11764705882352941 EVOLSYS Evolutionary Systems
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AdaptationofStructureandSemanticsusingthe
CollectiveBehaviorofUsers

TakMine:

Adaptation n

TakMine (C)
Semantics

Structure

@ApWelandSA | ‘

SRecommendations:

Categorization Final Category{ki,p, k.}

A,

Recommended

RGOOFdS{ (1,0 oo}

B rows ngecord

® CitationsTq, I',

@ApWebAdaptation
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DistributedctivRecommendation

TalkMineand@ApWelprovideCollective
OrganizationofDISwithEnablingRelations

= Activenvironmentofuser-systeminteractioncapableof
identifyingusers/agentandecommendingelevant
Information.

= ExploresStructureglationshipswithproximity
measures,adaptivevia@ApWeb.

= [testablishesanevolvingemanticsaskeyword

associationsadapttotheexpectationsofusersandnew
keywordsareexchangecamongmultiplenformation
resourcesandusersbrowserswithTalkMine.

m [testablisheslinkednformatiomesources asusers

searchseverakesourcessimultaneouslyandestablishall-
wayinformationexchanges.




Beyondntormatiometrieval

BiologicallyvotivatedDesign

= Recommendation :thesystempro-activelypushes
relevantdocumentstousersaboutrelatedtopicsthatthey
mayhavebeenunawareof.

= Conversationbetweenusersandinformationresources
andamongnformationresources(andindirectlyamong
userswithnteractivecategorization.

= Creativity .Newsemanticandstructuralassociationsare

set up by TalkMine and @ApWeb.Thecategorization
processbringstogetherknowledgefromthedifferent
Informationresources.Thisnotonlyadaptsexisting
knowledge butcombinesknowledgenotliocallyavailableto
iIndividualinformationresources.Inthissense becauseof
theconversationprocess,informationresourcesgainnew
knowledgereviouslynavailable.




